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Abstract 
FAZAL RAHMAN 
Under the supervision of Professor James G. Ross 
and Professor Wayne s. Gardner 
Thirty-five winter and fourteen spring wheat varieties were eval­
uated for their reaction to wheat streak mosaic virus during 1969�1970 
and 1970-1971. Plants were mechanically inoculated and the effects of 
virus were measured, relative to the control plots, in regards to seed 
yield, protein percentage, plant height, test weight, 1000-seed weight, 
number of tillers per plant, number of heads per tiller, number of seeds 
per head, and number of plants in the 2-foot subplot. Varieties were 
compared visually for their susceptibility to the virus in terms of per­
centage infection and severity of symptoms. 
Seed yield, plant height, test weight, 1000-seed weight, and num­
ber of seeds per head were drastically reduced by the virus while protein 
percentage increased in the diseased plots. In a few cases number of 
tillers per plant, number of heads per tiller, and number of plants were 
also influenced slightly. 
Spring wheat varieties, Chris, Bonanza, and Fortuna and winter 
wheat varieties Scout, Trader, 8D6716, SD6749, SD66171, OK6955033, Lancer, 
NB68508, SD6753, SD6742-l, and Scout 66 wete found to possess desirable 
degrees of tolerance to the wheat streak mosaic virus. It is concluded 
that the tolerance of these varieties as indicated by minimum yield 
reduction resulting from infection as well as basic yielding potential 
can make their use of considerable economic advantage in areas where the 
disease is pandemic and also this tolerance can be useful in a breeding 
progra.m. 
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Since its discovery in 1932, llheat Streak Mosaic Virus (WSMV) 
bas been recognized as one of the major pathogens of wheat. It.has, so 
far, been reported in the U. S. A., U. S. s. R*, Canada, Yugoslavia, 
Rumania, and Jordan. 
Slykhuis (50) brought WSMV to the attention of people concerned 
with agricultural production in South Dakota in 1949. Thirty-five to 
75 percent reductions in yield were r.eported in ,..,inter wheat from dif­
ferent areas of South Dakota. The first symptoms consist of faint 
chlorotic dashes or streaks which run parallel to the leaf veins. Fre­
quently, a general mottling and complete necrosis follow the streak 
type symptoms. Stunting and empty heads are also observed i� varying 
degrees in different varieties. Distorted leaves, incomplete emergence 
of heads, brittle crooked and sometimes branched ,:ulms occur in some 
cases. 
ws�rl caused severe losses in uinter wheat in Kansas during 1953-
1954 and 1958-1959 (23, 45). It was estimated that the losses arr;ounted 
to 14 million dollars during 1953-1954 and 46 9670 >000 bushels or 20 
percent of the tctal drop during 1958-1959, due to WSl�l infection on an 
area of 3,850,000 acres. In Southen1 Alberta 700,000 bushels or 18 
percent of the potential yield was lost due to WSHV during 1966 (4). 
There can be several approaches to problems of this nature. 
Various �rocedures and techniques of selection and hybridization are 
valuable tools at the disposal of the plant breeder so he can selectively 
apply these relative to the particular nature, limitations, or available 
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potentials inherent in the disease-host interactions and relationships. 
It goes without saying that the best solution to this problem would be 
to find or develop an immune variety. Various studies have indicated 
.that there-is no immunity to WSMV within the wheat varieties--a conclu­
sion which precludes any easy solutions to the problem and at the same 
time poses a challenging situation for the plant breeder coping with 
which may give rise to new developments in the application of scientific 
techniques. 
Absence of immunity to WSMV in wheat still leaves the exploita­
tion of relative tolerance to the virus inherent in different varieties 
available to the plant breeder as a possible approach towards minimizing 
the economic losses to the farmer. 
In the present study 35 winter and 14 spring wheat varieties were 
evaluated for their reaction to WSMV in Brookings, South Dakota, with an 
objective of determining their relative tolerance to the virus and 
various factors contributing towards this tole.ranee. 
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RE.'VIEW OF LITERATURE 
Research studies on the selection of �SMV-tolerant v�ricties 
have not been extensive. In addition to these studies, the work done 
on various aspects of the virus including its vector Aceria tulipae 
Keifer, attempts at induction of resis ta 1cc to wheat fro'Jl c ther sped.es, 
and host-range studies etc., are reviewed. 
Two thousand spring wheats and 2,433 win.ter wheat accessions 
from the World �neat Collection, several hundred domestic winter and 
spring wheat varieties, several thousand wheat selections, 'tl.1heat variety 
crosses, wheat x rye crosses, wheat x Agropyron crosses and varieties of 
barley, rye, and oats were tested for their reaction to WS:i·fl at the Kan­
sas Agricultural Experiment Station in an extensive search for resistance 
to this virus (46). Seventy-six varieties of spring wheat were reported 
to have shown tole.ranee and Yere under still further investigation. 'In 
the winter vhcat, several high-quality hard red winter bread "'':'heatG 
showed enough tolerance to WSMV to be useful. These were Blue Jacket, 
Apache, Bison, S:afford, Kiowa, Triumph, Rodeo, Improved Triur1ph, Concho, 
and Comanche. Selection within a variety did not produce any increase 
in rcsista.,ce. All wh�at varieties anc wheat derivatives included in 
this study, except a few intnune f�gropyron x \.heat crosses, �ere system-
ically invaded by the virus. Barley, rye, and o�t varieties tested in 
this study were invaded syste:iically by the virus but were highly 
Y-esistan�. Unlike ·wheat the usual syrtptm:n pattern on these vas the 
develcpm�nt of �:ilrl and evanesce:1t leaf rr,ottli:1g \7ith no stunA- ing o::­
yield reducticn. The yie:ld reductions in the tolerant v.arietien ,, 
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Stafford, Triumph, Kiowa, and Blue Jacket• varied from 10.9 to 39.3 
percent under severe disease conditions and from 0. 3 to 18.0 under mild 
disease conditions during 1955-1957. In the susceptible varieties, 
-Pavnee and:Marquillo-Oro x Pawnee c. I. 12851, th� yield reductions 
were from 46. 4 to 65. 5 percent and 59.3 to 72. 3 per.cent under severe 
conditions and from 20. 9 to 24.2 percent and 26.2 to 49.6 percent under 
mild disease conditions, respectively, dur.ing the same period. 
McNeal and Carroll (31) evaluated 12 spring wheat varieties for 
their reaction to WSMV. All varieties were infected by the virus. 
However, Wells, Crim, Fortuna, and Chris showed the smallest losses 
i.e. , 14.5, 14.4,  14.7, and 11. 0  bushels per acre, respectively, due to 
WSMV while in Manitou, Thatcher, Lako�a, Sheridan, Rescue, Ceres, San­
tana, and Centana, the losses were 22. 4, 22. 1, 21.2, 22. 0, 23.2, 25.6, 
27. 3, and 30. 6 bushels per acre. Visual readings were found to be of 
little value in determining the relative tolerance in terms of yield. 
Test weight losses were relatively small. Centana and Ceres were 
the only varieties that showed more than 4 percent loss in test weight. 
McKinney (28), Fellows and Schmidt (16) have pointed out the non­
existenc� or a high degree of tolerance within wheats. 
Bellingham, Fellows, and Sill (6) reported the results of their 
studies with 2,477 foreign winter �heat introductions, 1,965 foreign and 
domestic spi·ing wheats, 99 domestic sprinb wheats, and many crosses with 
do�estic and foreign varieties (including rye and Ag�opyron) in regards 
to their reaction to WSMV over a pericd of several ye:irs. Reactions 
varied from extreme systemic ausceptibility in roost wheats and crosses 
to resistance in a few whe�t x Agropyron nnd wheat x rye crosses of 
doubtful agronon,..ie value. Soce to.'erance �as foun<l in Bison, Kiowa, 
Triumph, Wester, · Concho, Stafford_, and Blue Jacket; and in 11 foreign 
vhe.ats showing tolerance, nrl.nimmn yield losses varied fro� 7 to 20 
percent or_more la different year$. Selection within the tolerant 
varieties proved to be ineffecti11,e. Slykhuis (50) found that durum 
wheat varieties developed the most se•,ere symptoms with the hard red 
spring wheats next and the hard red vinter �heats the least. 
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King and Sill (23, reported that in a severe outbreak of WS!1V in 
Kansas, the tolerant varieties, Bison and Kiowa, usually yielded about 
twice that of susceptible varieties t such as Pon�a and Wichita. Often 
the yield differences were even greater. Bohnenblu$t and Kolp (9} 
found CI 13600, a Relection of spring wheat, to be promising as a source 
of tolerance to WSMV. 
Belyanchikova and Rabinovich (7) tested 16 winter wheat cultivars 
at three locations in U. s. S. R. to determine their reaction to WSMV. 
Although all the varieties were infected, Triticum nraraticum Jakubz. 
from Armenia, Triticum macha Dek. and Men. from Georgia and the soft 
winter wheat Raeskes "Stamm 211" from East Germany were found to be 
less infect�d than others. 
Lay, Wells, and Gardner (26) reported the immun!ty of a substitu­
tion or translocation line to WSHV derived from Triticum aestivum x 
Agropyron :lntermediurn cross after repeated back.crosses to the wheat 
parent. Swarup, McCracken, Sill, and Schmidt (55) described a local 
les:f.on type reaction f ot1nd in an advanced Agrotricum hybrid (2n = 56) 
derived fro� the Tritic:cm vul�are x Agronyt'on elo:-tt?atum :ross. The 
hybrid was crossed \.1j_th the wi.nt,r wheat, Pciw-nee, which shows a 
characteris tic systemic reaction to WSMV, in order to study the inherit­
ance of local lesion type of resistance. The segregation in the F2 was 
at random and not according to known genetic ratios. Cytologically, the 
,- local les ion types had larger numbers of univalents than the systemic 
plants. It was concluded that genes for local lesion type of resis tance 
in the Agrotricum parent are not located on chromosomes homologous with 
any of the wheat chromosomes. Renee , the transfer of this resistance to 
wheat would be mos t difficult . · Raj (40) concluded, on the basis of his 
cytogenetic s tudies, that genes for resistance to WSMV were present on 
more than one chromosome in Agropyron. Larson and Atkinson (25) 
observed that the chromosomes 4D, SD and 6D in Tri ticum aes tivum culti­
var "Rescue" were replat:ed by Agrop�,ron el onga turn chromoson;es in the 
immune derivative of the cross having 21 pairs of ch romosomes . Andraus 
and Slykhuis (1) reported 16 Triticum x Agropyron lines to be immune 
and five to be symptomless carriers in a s tudy searching for resis tance 
in winter wheat varieties and in winter wheat x Agropyron hybrids . 
Shaalan , Heyne, and Sill (41}  studied the progenies of the ,iheat crosses, 
Ottawa x Bison and CI 13285 x Bison, for response to WSMV. The reaction 
could not be clussified pred.sely in this study . Very few segregates 
were found to resemble the tolerant parent , Bison. McKinney and Sando 
(30) pointed out that all the selections from the interspecific crosses 
showing high WSMV resis tance would requir� many additional backcrosses 
with wheat be fore desirable commercial wheats could }?e ob tained. Tunac 
and Nagel (60) reported the reaction of corn hybrids and inbreds to WSMV. 
Hybrids were found to be largely resistant �hile the react ion of  inbreds 
varied from s us ceptible to resista.,t . 
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Oliinyk ( 33) reported his studies with WSMV in U . S.  S. R .  WSMV 
lesions were found to be limited to the Graminae family. The infected 
leaves had a higher carbohydrate content , a decreased protein N ,  and 
. elevated non-protein N. Finney and Sill (18) observed that WSMV 
decreased the quantity of wheat forage tremendously without adversely 
affecting i ts chemical composition from the livestock nutrit ive stand­
point.  Protein levels were found to have increased significantly in  
the diseased forage samples while grain samples from infect ed plants 
showed inferior milling properties , some superior baking propert ies-­
particularly water absorption , protein content , and "ash received" loaf 
volume. There was no effect upon protein quality or mixing properties. 
No significant differences in crude fiber , moisture, ash , nitrogen-free 
extract , or total carbohydrates were found between diseased and healthy 
plants. McNeal and Dubbs (32) described the reductions in yield , kernel 
weight , number of kernels per head , and plant height at various levels 
o f  WSMV infection in winter wheat. At 30 , 50 , and 70 percent levels of  
mosaic , yields decreased 15. 7 ,  26. 2 ,  and 36. 6 percent ; kernel weight 
decreased 6 . 9, 11. 5 ,  and 16. 2 percent ; number of kernels per head were 
reduced 4. 5 ,  7. 4, and 10. 4 percent ; and plant height decreased 8. 6 ,  14 . 3 , 
and 20. 0 percent , respectively. Atkinson and Grant (4)  noted that the 
reduced yield in winter wheat, due to mosaic, resulted from a marked 
reduction iv the number o f  kernels per he;id and in thei r  weight. Grain 
from infected plants had inferior milling properties and yielded flour 
with a lower water  absorption .  However ,  i t  had a higher protein content 
and sedimentation value and produced larger loaf voltnnes. The protein 
content increased from 12. 7 percent in the healthy plants to 15. 6 percent 
in the diseased , while milling yleld decreased from 75 . 3  percent to 7 3 . 6  
percent and bushel �eight decreased frorn 66 � 8  1nd3 t o  6 2 .0  pounds . 
Timian and Bissonne tte (57 ) observed that up to 5 percent of  the whea� 
_ plants in two thirds of the fields examined in th�e� counties of North 
Dakota shoved symptoms of WSMV . · r'iclds in which infected volunteer 
plants were not removed showed 50 percent or more infection. Lal and 
Sill (24) reported synergistic reactions produced by WS�IV , brome mosaic 
virus (BMV) , and barley stripe mosaic virus (BSMV) . WSl1V + BSMV pro­
duced moderate to severe synergism while BSMV + BMV and the combination 
of all three viruses produced extre�c synergism. Fellows and S i ll ( 17) 
described a method for predicting WSMV epiphytotics in winter wheat in 
which samples of 12 to 20 plants were collected at 10-mile intervals 
during the late fall aud winter and tested in the greenhouse for devel­
opment of virus symptoms. This method was found to be useful. 
Slykhuis , Andrews and Pittman (51) , Staples and Allington (54 ) , 
Atkinson and Grant (3) , and Atkinson and Slykhuis (5)  associated high fall 
temperatures and early planting of winter wheat with high incidence of WSMV 
because both these factors were found to be favorable for the spread · and 
survival of Aceria tuH.pae Keifer , the vector of l 5MV.. It  was recom­
�ended that winter wheat be  planted as late in fall as sound agronomic 
practices permit to avoid maj or damages. Staples and Allington (54)  
reported that percentage infection decreased from 100 to 6 percent as 
the planting date was delayed frcm August 17  to October 10. S ill (44 )  
and Sill and Fellows (48 )  noted that the inoculation period of WSMV 
lengthened with decreasing temperatures . Sympto�3 on varieties Lee and 
Rival were masked at 16°c but appeared when temperature was increased to 




24°c .  This is also the t'eason �hy inoculation ln the fall produces 
symptoms in the Sp'!"ing.  S tap es and Allington (54) found the use of 
miti�ides on the winter wheat rop to be ineffective in reducing the 
incidence of WSMV. 
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Staples and Allington (54) , Orlob (36) . and Somsen and Sill (53) 
reported that volunteer wheat. germinating either before or immediately 
after harvest , was very impor�ant in the epidemiology of WSMV since a 
continuity of suitable food plants �as provided, thus favoring large 
increases in mites and virus. Annual and perennial grasses did not 
appear to be iq,ort�t in the �pidemiology of WSl!V in these studies . 
Gates (19 ) observed that Acerla tt11ipae transmitted WSMV from ripen1.ng 
kemels of corn mid wheat until about two weeks before either crop vas 
ready to harvest; T he n.10 c�cps were found to be potentiul sources of 
infection for each other. Orlob (35) reported that the presence of 
spring wheat during the summ�r 1n0nths increased the incidence of WSh-V in 
winter wheat in 1964 but not in 1965 or 1966 in South Dakota. Intra­
field spread of mosaic was confined to short distances . Connin (12) 
noted t hat Aceria tulipae was able to reproduce on all tested varieties 
of wheat , barley , corn ,  sorghll!:l, and sudangrass , and on 12 cf the wild 
grasses . Wheat and barley appeared to be the best hosts.  Staples end 
Allington (54) surveyed the n.ative annual and peref!nial grasses for 
their suitability for Ace=ia tulipne in w�s tern Nebraska. None of thP. 
species of  annual grasses was a favorab le host for this mite . Western 
wheat grass , Agrcpyron s�i thii Rydb . , Canada wild rye , Elymus canadensi s  
L. _ ,_ Indian rise grass , O ryzopsis �menoides , and Wheeler ' s  bluegrass, 
Poa nervosa  (Hook . )  Vasey , were fo�nd to be hosts on which the al t c  could 
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multiply � Shannon and Eridgmol . 2 )  reported that 10 varietieg of  
Ti�othy, 12 of Smooth bromegras� j 18 of orchardgr�ss, 2 of Russian rye, 
Whitmar Bear-dless Wheatgrass ,  and 8 of  intermediate wbeatgr�.ss were 
resis tant to WS11V. Staples and Allington (54) emphasized the importance 
of wind as the ma:tn method of mite d ispersal. 
Oliinyk (33) described the different characteristic� of Aceri.a 
tulipae. He reported that the mi te reproduced by parthenogenesis and 
had a 7-day life cycle at 25°c .  It laid 3-25 glistening round eggs in 
a row parallel to the leaf veins during early morning a.�d in the after­
noon . The vec tor was found to ue capable of carrying the virus at all 
stages . However , only the nymph forms could transmit the virus.  Tosic 
(59 )  discovered Aceria tos ichella Keifer to be a new vec tor of WSMV in 
Yugoslavia. Fellows (15)  stated that about 30-power magnification is 
needed to see Aceria tuliuae mites plainly . Del Rosario (13) and Del 
Rosario and S :lll (14 )  reported the e:dstence of physiological str!!ins of 
Aceria tulipae th�t vere naturcll.ly adapted to wheat , wes tern wheat grass,  
and onions. The strain from wheat was found to be a very efficient 
vector to wheat (84-92 percent) while mites from A�ropyron smithii  and 
onions were less efficient vectors to �heat (1 percent and 27  to 70 per­
cent, respectively) . However ,  af ter a period of selection anrl adaptation , 
the ef fic:i.ency of the surviving mites increased considerably but well 
below the naturally occurring strains on t1heat . The virus was acquired 
by Aceria tulinae in the nym?hal stages only ; but the adults that 
ac�uired �the virus as nymphs were found to be capable of transmit ting 
the virus as ndul ts . Th� virus was not transmitted through eggs. I t  
pel.'sicte:d in the mites for a t  l�ast 1 8  days ,. Orlob (34) noticed that  
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dimension and st�ucture of the mites ' mouth parts indicated that they 
fed on the epidermis and . did not penetrate into the sub-epidermal tissue .  
The nymphs were found to acquire the virus during a 15-minute stay on 
. the infected leaves but transmission increased to 50 percent when mites 
remained for 16 hours on the source . Minimum time required for success­
ful transmission efficiency during adulthood decreased but some adults 
remained infective for life. Takahashi and Orlob (56) observed WSMV 
particles inside and outside the digestive tract of the mites Q Two 
types of inclusion bodies, cylinderical and striated, were also  seen. 
Pady (37) reported that Aceria tulipae was caught on slides 150 feet 
above the ground and 1.5 to 2 miles from the nearest wheat field in an 
area where the virus disease was present indicating the importance of 
wind in the _epidemiology of the vector of WSMV. 
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MATERIALS AND METHODS 
Experiments were conducted during two consecutive years 1969-1970 
and 1970-197 1 .  Twenty-four winter and 9 sp ring wheat varie ties were 
planted on September 17 and April 30 during 1969-19, 70 while 21 winter 
and 14  spring wheats were planted on Sep tember 21 and May 7 during 19 70-
1971 , respectively • .  
The experimental design was a randomi zed comple te block with 
varieties as the main plots. Subplots consisted of four rows , each 12 
feet long. The dis tance between rows was one foot. The plots were 
sprayed w:f.th Manzate. approximately three times during the growing season 
for leaf rus t  control . 
For data collection , two central rows of each subplot were uti­
lized. From within the subplot two feet were harvested eeparately to 
collect data for the different components of yield factors e.g . , number 
of tillers per plant , number of heads per tiller , number of seeds per 
head , and number of plants . The other characteristics measured in this 
s tudy were yield , protein percentage , plant height , test weight , 1000-
seed weight , disease index , 3nd number of infected pl ants as affected by 
WSMV in different varieties.  
Ten feet of  each of  the two central rows "1ere harves ted for data 
collection leaving one foot on each end to eliminnte the border ef fects. 
Protein content of the seed was de terminea by the Udy Dye Method (61 ) .  This 
t11e thod is based on a chem:tcal reaction betveen the monosulfonic azo dye , 
Acid Orange 12,  and proteins to form an inso lub le conplex . The protein 
is then estim4ted by coforin.e tric measurement of unbound dye through its 
relationship to total nitrogen . Udy Dye Method can estimate protein 
within a few minutes and i t  gives a measurement superior to total nitro­
gen as a nutritional index because non-protein nitrogen is not measured 
in this method .  The number o f  infected plants were counted within the 
two-foot sub-subpl ot while the height was measured on 10 randomly 
selected plants in the subplot .  As regards to the d isease index, the 
plots were visually evaluated within the scale o f  1 to 5 ,  1 indicating 
the least severity of symptoms and 5 showing the most severe symptoms .  
Inoculations were made approximately three weeks after �lanting 
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in spring wheat, while the winter wheat planted in fall was j_noculated 
during the following spring in the last week of April . The two treatments 
consisted of virus and control applied on adj acent subplots . A mixture 
of WSMV stn'.lins collected by Dr . W. S .  Gardner from different locations 
in South Dakota, was used for the virus inoculations. Throughout this 
study the virus reservoir was maintained on the spring wheat Chris or 
winter wheat Hume on the greenhouse benches. The infected fo liage was 
processed through a "Hobart Juice Extractor" located in a cold room . The 
crude sap thus obtained was diluted with cold deionized water in the 
proportion of 1 : 10 and then taken to the field in i ce boxes so as to 
avoid warming up and inactivation of the virus.  The control treatment 
consisted of only cold deionized water without any virus . Both the 
virus inocuJ.um and deionized water for cortrol were mixed with about 
2 percent 400-mesh carborundum and then each was plac�d in the tank of 
a sand-blasting gun j ust  before inoculation was be gun . The tank was 
continuously shaken during the inoculation process to insure the uniform 
suspens ion of carborundum . 
2 7 9 5 4 G  
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Weeds wer� pulled out manually during the course of this experi­
ment. Statistical methods appropriate to the experimental design were 
employed using a computer. LSD tests were used for comparisons of 
means between the treatments within the varieties while Duncan ' s  Range 
test was used for the comparisons of means between different varieties . 
Multiple correlation and regression procedures were employed to gain 
information concerning the importance of the different component� of 
yield . 
RESULl'S 
Tables 1 ,  2 ,  5 ,  and 6 show the e�-perimental results on spring 
wheat while informat ion concerning the 1,1inter wheat is contained in 
Tables 3, 4 ,  7 ,  and 8. Analysis of Variance results fo r this data  are 
to be found in Tables A-1 to  A-4 in the Appendix . 
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Tolerance in this study is considered to be a quantit atively 
expressible trai t , in terms o f  relative proportions of yield reduction .  
We have specifically selected yield to  represent tolerance as this is 
the character in which we are most interes ted . Lhe functional �elation­
ships of o ther f actors wi th yield was also examined. The varieties were 
grouped on the basis of their tolerance as defined above , according to 
the proport ional yield losses inflicted by the virus . 
Data showing the e ffects of  l-1S:iV on different spring t--·heat varie­
ties in 1969 and 1970 is presented in Tables 1 and 2-, respectively , and 
the complete combined classification of all the varieties tested during 
both years is presented in Tab le 6 {p . 31). In both years the varieties 
responded remarkably alike . With the exception of Crim, which in 19 70 
fell into the 4th category ins tead of the 3 rd as in  196 9 ,  all the o ther 
eight varie ties t e3 ted during 1969 had th� s ame tolerance indexes in 
1970 . Virus reduced yields of all the varieties highly s ignificantly 
(1 percent level) excep t Chris in which yi�ld was reduced s ignificantly 
(5 percent level)  during 1970. The mos t  tolerant varieties Chris ,  For­
tuna , an� Bonanza , in whi ch yields �ere reduced by 21 t o  30 p ercent , 
yielded 1 499 , 14 78 , atd 1e13 kilogranis per hectare ( 2  years avetage) .  
The mos t  suscep tible varieties Jus tin and Wells , in <which yield reductions 
Table 1 .  Effects of  WSMV on Different Charact��ietics of Spring Wheat Varieties During 1969 
Treatn,ent Jus t :f.n Waldron Polk 
Seed Yield in Kilogrruns Per Hectare 
Virus 583�" 923** 1259u 
Con trol 1659 2163 2019 
Percen tage 
Diffe rence 65 57 38 
Protein Percentage 
Virus 1 7 . 49 17 . 90"* 16 . 75• 
Con t rol  17 . 05 , 16 .  72  15 . 92 
Percentage 
Difference 3 7 5 
P lant Height  1n Inches 
Viru8 24 . 9U 26 . 8*11: 33 . 1*" 
Cont rol 38 . 6  38 . 8  38 . l  
Pet"cent age 
Difference 35 31 13 
Tes t  Weight in Pounds Per Bunhel 
Virus 
Control 
Pe1·cer t nge 




54 . 5'°' 
59 . 3  
8 
4 . 2  
lnfe'!tfou 88 
56 . 8** 




58 . S�• 
62 . 2  
5 







15 . 15 
3 
28 . 4** 
33 .9 
16 
57 . 2** 
60. 2  
5 






17 . 44 
16 . 83 
4 
26 . 4'11' 
33 . 8  
32 
56 . 0** 








15 . 75 
15 . 38 
3 
35 . 7""' 
38 . 5  
7 
ss .o•• 








17 . 08 
16 . 86 
1 
35 . 4** 
39 .. 2 
10 
5 7 . 0*" 
60 .0  
5 






17 . 73*" 
16 . 84 
s 
25 . 5*" 
37 . 3  
32 
51 . S"* 
55 . 6  
7 






16 . 07• 
15 . 34 
5 
26 . 2"* 
38 . 0  
31 
54 . 2H 
59 . 4  
9 






16 . 87 
16 . 24 
4 
29 . 2'=* 
37 . 9  
23 
56 . 0H 
59 . 9  
7 




Table 1 (continued) 
' 
Treuttient Jus tin Wa l d ron Polk Era Manitou Sheridan Chris Selkirk Crim Mean 
-=--
1000-Seed Weight in Crams 
Viruo 23. 49 .. 23 . 25•• 25 . 48*"' 22 . 61"" 21 . 44� 2 7 . 70"' 23 . 23 21 . 21** 22 . 7 1"" 23 . 46** 
Control 29 . 11 28 . 68 3 2 . 93 27 . 49 25 . 08 29 . 94 24 . 73 28 . 26 27 . 84 28 . 23 
Perc<!ntagc 
Difference 19 19 23 18  15  7 6 2S 18  17  
Number of  Tillers Per Plant 
l/1 rm, 2 . 0  2 . 4  2 . 3  2 . 0  - 2 . 0  2 . 0  2 . 1  1 . 9 1 . 8  2 . 1  
Control 1 . 9  2 . 5  2 . 2  2 . 1  1 . 8  2 . 1  1 . 9  2 . 0  2 . 0 2 . 1  
Num�er o f  Heads PP.r Tiller 
Virus 0 . 56 0 . 65 0 . 52* 0 . 70 0 . 78 o . ss 0 . 69 0 . 58""' 0 . 76 0 . 64 
Con trol 0 . 58 0 . 65 0 . 66 o . ;a 0 . 7.5 0 . 63 0 . 74 o .  77  0 . 78 0 . 70 
Pt?rc�n tage 
Di f fer�nce 3 0 21 10 4 13 7 25 3 9 
--
Number cf Seeds Per Head 
Virus 11 . 0* 1 3 . 6* 21 .9  23 . 9  19 . 4  18 . 3•• 20 . 9H 15 . 6  20 . 7* 18 . 4  
. Con trol 18 . 7  21 .9  20 . 6  27 . l 23 . 8  29 . 3  31 . 7  22 . 1  27 . 9  24 . 8 
Pe rcentage 
Di ffLrence 41  38 6 12 18 38 34 29 26 26 
-
Numher of Plants in 2-foot Subplot 
Virua 35..- 34* :;5-1: 36* 43 39 31 34 37 37 
Control 44 44 47 48 51 41 43  36 38 44 
Percentage 
Differen,;e 21 29 26 25 16 5 14 6 3 16 
* Indicates significant difference at 5 perce�t level . 
U·IndiC'& teCJ significant differencs at l perc·4?.rsc lev�l .  
Data reported as  meane of five replicntiono . 
T11ble 2 .  
'rreatme.nt Chris Polk Era 
S�ed Yield in Kilogrl!lll.8 Per ne.ctare 
V t ru8 1 560* 1481** 1755u 
Cont rol 1971 22 70 2 7 32 
P crcentege 
Dif f �r'!nce 2! 35 36 
l'rotc-in Percentage 
Virus 1 7 . 74** 16 . 81•• lS . 69** 
Control 1 6 . 94 15 . 90 14 . 81 
Ferceri t:l'l�e 
D!f rerence 5 6 6 
Pl��t  He 1 gnt 1n Inches 
Virus 37 . 0  32 . 80 26 . 30 
Control 40 . 2  39 . 8  31 . 6  
,P,ercentHge 
!Jif ference 8 18 17 
Test Wei ght in Pounds Per Bushel 
Vi rus ss .o 59 . 6** 5 7 . 8** 
Control 59 . 6  62 . 8  60 . �  
Pf'.rcentaze 
Di t f erence 3 s 4 
Disease 
!ndc,: 2 . 6  3 . 1  3 .0 
Percentage 
Infection 90 91 90 
Ef fects of WSMV on Different Charncter14tice of Spring \'heat VarietieB During 1910 
'Sonanzn n�tcher Weldron llelle Justin !ulk World Manitou Sheridan Selkirk 
1 813** 1155** 1069 .. 639"* 33ou 792** 1263** 1346** 763•.\ 
2607 1672 2531 2103 1093 1483 2014 2018 165 7  
30 31 58 70 70 47 37 3 3  54 
16 . )JH 16 . 20** 18 . 070 11. 200 18 .09�- 16 . 78• 17 . 60** 1.5 . 91° 17 . 83'* 
15 . 4� lS . 41 16 . 83 16 . 64 17 . 15 15. 85 16. 87 15 . 27 16 . 89 
6 .5 7 3 s 6 4 \ 6 
22 . 2** 24 . 8*" 25 . 7"* 32 . QH 22 . S** 33 .0* 29 . 6** 35 . 3* 23 . 3** 
29 . 2  32 . 8  37 . 5  41 . 6  37 . 6  36 . 6  37. 2  38 . 6  3.5 • .5 
24 24 32 23 40 10 20 9 34 
55 . 8* 55 . 6** S6 . 8** 55 . 0H 55 . 0** .55 .0** 56 . 2** .58 . 20 51 . 0** 
58 . 0  59 .0  60 . 2  6 1 . 2  58.0 58 . 1  60 . 0  61 . 4  SS . 6  
4 6 6 10 ' 6 6 .5 8 
3 .0 3 . 1  3 . 7  3 . 9  3 . 8  3 .0 3 . 0  2 . 5  3.0 





l(, . Sl** 16 . 21" 
16.09 lS . 37 
4 ' 
26 . 5** 26 . 2** 
35 . 9  38 . 3 
28  32  
5a . 8** 56 . 0** 
62 . 2  59 . 4  
6 6 






15 . 95 .. 
16 . 11 
s 
2� . 4** 
36 . 7  
23 
56 . 3** 
59 . 7  
6 




Teble 2 (cont inued) 
Polk Era B<,nanza Fletcher Waldron 
\lells Jus t in Bulk \lorld Manitou
 Sheridan Selkirk Fortuna CriJII 
1-!ean 
Tre�t1T1ent Chr is 
1000-Seed Weight in Gra:iis 
Vi rus 2 3 . 82 26 . 55"'* 24 . 21"* 22 . 52 25
. 50** 2 7 . 42* 2 2 . 70"* 2 3 . 66"'* 2 1 . 96�• 20. 95 
.. 2 7 . 59 � 3 .40*" 2 8 . 99"* 22 . 99** 24 . 45" 
Con trol  24 . 63 33 . 2 3  2 7 . 85 24 . 34 2 8 . 99 
29 . 9 5  2 6 . 0 7  28. 69 25 .09 24 . 0 7  29 . 59 2 8 . 97  
31 .88  2 7 . 64 2 7 . 9 3  
Pc rccntag� 
lH !f erence 3 20 13 7 12 
8 13 18  12 13 7 
19 9 17 12 
tluuber of T!.llers Per Plant 
Virus 1 . 8  1 . 8 1 . 8
 1 . 8  1 .9 l . 8  2 . 0 
2 . 0  1 . 8  1 . 9  1 . 9  2 . 0
 1 . 8  1 . 9  1 . 9  
Cont rol  1 . 9  1 .9 1 .
8  1 . 8  1 . 8  1 . 8  1 .9  
2 . 0 l . � 1 . 9 2 .0 1 . 8  
1 . 8  1 . 9  1 . 9  
FUl!.b�t' of  Heads Per Tiller 
Virus 0 . 75*• 0 . 75 0 . 79 0 .
85** 0 . 75* 0 . 79 0 . 74 0 . 74 0 . 81
** 0 . 81 0 . 77 0 . 75 0 . 80 0 . 11*
 o . 76 
Con trol 0 . 67 0. 70 0 . 78 0 . 74 
0 . 82 0 . 77 0 . 78 0 . 71 0 . 71 
0 . 76 0 . 75 0. 7.\ 0 . 82 
0 . 71 o . 75 
Percen tage 14 7 3 1 
2 8 4 
D i f fer ence 12 7 1 15 9 
3 s 4 
NU!tber of Seeds Per Head 
Virus 40. 4H 28 . 7** 22 . 5** 46 . 8"* 30. 8** 2 2 . 2  .. 2 2 . 9*
* 15 .  7** D. l** 19. 4** 29. 2** 15. 2** 18 . 9** 18 .
5** 24 , tH 
Con trol  �7 . 7  43 .5  48. 3 58 . 0 4 4 . S  45 . 4  39 . 4  28 .6  4 6 . 0  
4 l . 7  39 . 5  26. 5 46. 3 33 . 2  42 . 9  
rercert 3ge 
D i f ference 30 34 53 19 31 51 42 45 72 56 
26 43 59 44 43 
Nt!."llber of Plante in 2-foot Subplot 
Vi rus 26 27 24 24 
24 27 27 26 28 24 25  
25 26 25 26 
Control 2.7  25 26 25 26 
26 26 25 24 25  26 27  26 
25 26 
•Indicates signif icant difference at 5 pe�cent leve l .  
**Indicate• signif icAnt difference at 1 percent level . 
Data reported as means of five replications . 
.\.j 
:,0 
Tcblo J. Eff�ct• of WSHV oa Dif ferent Ch
aracteristic• o f  Winter �'heat Vari eties
 During 1969-1970 
' 
Trf' ntmen t SD6 742 SD67l7 SD'>6l7l SD6713 5D6715 
Scout SD�753 Winalta Trad
er Omaha SD67l0 
Yield in 7.ilogrt.'1111 P'!r Hectare 
Viru!l 1osc• 1214 .. 17
94"'* 16360 1630** ' 797*" 149
2*"' 1684 .. 1266 1094
** 1064 .. 
Co:\trol 1636 21,s2 2479 
2581 3123 2 311 2362 
3056 1638 2425 174
6 
r1::rcentage 
D i f ference 35 ,: 28 
37 4S 22  37  
45  2 3  55 39 
--
Proteit, Percentaga 
Virus 16 . 76• 17 . 3�
** 16 . 45•• 1 5 . 62 15 . 32** 16 . 10
** 17 . 35** 15 . 94** 15 .99
* 16 . 84** 16 . 30* 
Control 15. 71 15 . 72 • 1
4 . 89 15 . 3 7  13 . 80 14 . 19 
11,. . 95 13. 90 15 . 1 3  14 . 9
1 15 . 12 
Pcrcent:age 
6 13  8 
Dif ference 7 11 10 
2 11 13 16 
15 
rlont lldght in Inches 
Virus 30 . lu 28 .9
"'* 32 . 3"* 30 . 4--* 29 . 5** 32 .0
** 2 8 . 2  .. 31 . 5** 30 . } .-
lt 2 7 . 2** 27 . 4"* 
Cont rol 39 . 5  39 . 3  39 . 8  
39 , 2  37 . 8 3 7 . 8  38. 1 3
9. 2  38 .4  37 . 3  37 . 9  
Percenta,te 
DHfrrence 24 26 19 22 
22 15 26 20 21 
27 28 
Test  Weight in Pound• Per Bushel 
Virus 48 .0** 4 7 . 3** 52 . 8
* so . o•• 53 . 5  52 . 3  49 . 5
** 51 . 3  ... 47 . Y.  SO . S*" 48 .
�** 
Ccntrol s2 . a  55 . 3  55 . 5  54 . 8  54 . 8  53 . 0  
5 6 ,0  57 , 3  50 . 3  56.0  54 . 0  
Percentage 
Difference 9 14 5 9 
2 1 12 11 6 
10 10 
Dioease 
Index 2 .6 2 .9  3 .1 
2 ., 3 .0  2 .6  ) ,1  2 .9  
3 .0 3.4 3 .4 
PcrcentAge 
Infection 92 93 93 n 






17 . 15** 
15 . 76 
9 
29 .0*" 
39 . l  
26  
52 . 5** 






Table l (continued) 
Truo,,ent SD6749 Gage Trapper Scout 66  Guide \l1no1c.a 
Yield in Kil.ograms Per Hectare 
Virui, 1157 1495"* 12M•• 1968** e,.3•• 816•• 
Co,1 t ro! 1609 2790 22El7 3089 2090 2033 
Pr.r cr.nt ege 
IHf fcrence 28 �6  4'• 36 60 60 
Pcotein Per centage 
Virus 17 . 2 5  17 . 17** 15 . 88** 15. 42** 14 . 96 .. 17 . 46"* 
Cont rol 16 . 37 15 . 60 14.27 14 . 10 13 . 59 15 . 78 
Percentnge 
Di fference s 10 11 9 10 11 
Plnnt Height in Inches 
Virus 27 . 3** 26 . 8** 26 . 9** 2s. o•• 27. 7 .. 27 . 3** 
Control 38 . 4  39 . 1  38 . S  37 . 2  39. 1  38. 4 
Percent age 
Di fference 29 31 31 25 29 29 
Test Wei ght in Pouud• Per Bushel 
Virus 49 . e** 49 . 8"*  50 . 3* 53 .0* 49. 5** 51 . 3** 
Control 53 . 3  55 . 8  53 .0  55 . 3 54 . 8  5S. 3 
Percentage 
Di fference 7 11 s s 10 7 
Dheaee 
Index 3 . 1  3 .0  2 . 8  3 . 1  3 . 4  3 .0 
Percenta�e 
Infection ,1 91 93 91 69 92  
SD6718 Lancer SD6755 Hume 
1441"* 1866*• 14 18** 9e1•• 
2284 2557 2602 2156 
37 27 45 54 
16. �4 l!Y. 88* 16 . 85 16. 58** 
15 . 71 14 . 79 16 . 13 15 . 20 
s 7 4 9 
29 . 5** 33 . 1•• 27 . 8** 26 . 8** 
41 . 0  38 . 7  39 . 2  39 . 3  
28 14 ,9 32 
50 . 3** 51. 3** 51 . 3** 48. 0** 
.56 . 5  56 . 0  .5 8  • .5 .53. 0 
11 8 12 9 
2 . 6  2 . 9  2 .9 3 .0 
90 91 91 93 
SD6716 Mir.ter 
1 7731' s10•• 
237S 2037 
25 57 
17 .05*" 17 . 61* 
15 . 79 16. !;t 
8 6 
26 .6•* 21.0•• 
38. 3 39 .0  
31  31 
49 . 3** Sl.O 
.55 . S  Sl . 8  
11 2 












50 . 3** 
54. 8 
8 




Table 3 (continued) 
Treatment S06742 5D6717 SD661 71 SD6713 SD67l.5 
1000-Seed Weight in Grme 
Virus 20 . 24"  19 . 760 22 . 63 20 . 62 22 . 24 
Cont rol 2 3 . !15 23. 72 25 . 03 22 . 36 24 . 70 
Percentage 
Di f f erence 14 17 10 8 10 
Number of Tillere Per Plant 
V i rus 2 • .5 2 . 5 2 . 5  2 . 3  2 . s  
Con t rol 2 . 5  2 . 4  • 2 . 5  2 . 5  2 . 4  
Number of Heads Per Tiller 
Virus 0 . 58 0 . 53 0 . 55 0 . 56 0 . 51 
Control 0 . 57 0 . 57 0 . 54 o . s6 0 . 52 
Number of Seeds Per Bead 
Vires 20 . 5** 21 . 8  .. 25 . 2"* 24 . 9** 2 3 . 0"* 
Cont tol 32 . 9  36 . 6  35 . 8  44 . 0  4 5 . 4  
Percentage 
D!fference 38 40 30 43  49  
�umber of  Plants in  2-foot S�bplot 
Virus 32 34 33 34 33 
Control 33 33 34 35 3J 
Scout SD6753 Wiaalta Trader 
23 .93 18. 62"" 20. 12•• 21 . 38 
26 .49 23 .05 26 . 80 19 . 63 
10 19 23 9 
2 . 6  2 . 3  2 . 8  2 . 6  
2 . 6  2 . 2  2 . 6  2 . 5  
0 . 56 0 . 55 0 . 55 0 . 54 
0 . 56 0 . 53 0 • .54 0 . 56 
24 . 3  .. 2 3 . 0"* 24 .4H 21 . 5** 
34 . 6  40. 1 42 . 1  32 . 3  
30 43 42 33 
33 JS 32 32 
33 35 33 32 
, 
Omaha SD6710 
19 . 82 .. 18 . 20 
2l . 89 19 . 66 
2 l  7 
2 • .5 2 . 4  
2 . 6  2 . 3  
0 . 53 0 . 56 
0 . 55 0 . 60 
20 . 1•• 19 . 4�• 





22 . 39"* 
28. 78 
22 
2 . ,  
2 • .5 
0. 54 
0 . 54 
20 . 9"* 






Table 3 (continued) 
Treatment SD6749 Cisge Trapper Scout 66 Guide Winoka 
1000-Seed Weight in Crams 
ViruB 17 . 7$ 2 3 . 83* 18 .97-* 23 • .51 .. 19 . 8 70 19 . 20 
Con trol 20 . 2 7  26. 72 22 . 61 28 . 36 26 . 24 20 . 18 
Percentage 
Difference 12 11 16 17  24  5 
Nunher of THlcrs Per Pla-.1t 
Virus 2 . 6 2 . 6  2 . S  2 . 8  2 . 6  2 . 6  
Con trol 2 . 6  2 . 5  l . 5  2 . 8  2 . 8  2 . 6  
Nuc.ber o f  Heads Per Tiller 
V i rus 0 . 56 0 . 54 0 . 5 3  0 . 56 0 . 54 0 . 53 
Control 0 , 57 0 . 54 0 . 53 0 . 54 0 . 54 0 . 57 
Number of Seeds Per Head 
Virus 21 . 0•• 22 , 0"* 22 . 6"* 26 .0** 15 . 4 .. 16 . 9** 
Cont rnl 34 . 1  37 . 3  38 .0  46 . 3  36. 7  40 . 0  
Per ce1 ,tage 
Di fference 38 41 41 44 58 sa 
Nu.ttbel." of Plants in 2-foot Subplot 
Virus 33 32 34 31 32  33 
Control 32 33 33 32 33 32 
�Indicates significant difference at S percent level . 
**Indi cate� e ignificant difference at 1 percent level .  
Data reported as  means of four repli cations . 
S06718 Lance't' SD67!S' Hume 
20. 85 20 . 15 20 . 49** 16 . 06 
21 . 71 21 . 44 2 5 . 22 1 8 . 25 
4 6 19 12 
2 . 5  2 . 6  2 . 5  2 . 5  
2 . 5  2 . 6  2 . 6  2 . 4  
o . sa 0 . 52 0 . 52 0 . 56 
0 . 58 0 . 53 0 . 54 0 . 61 
2 2 . 4*" 2 3. 66* 21 . 8** 18. 9** 
35 . 4 40 . l  38. 3  45. 2  
37 4 1  4 3  58 
32 32 33 )2 
32 33 33 30 
5D6716 Kinter 
18. 46** 19. 14* 
24 . 88 22 . 07  
26  1 3  
2 . 7  2 . 6  
2 . 6  2 . 4  
0 . 54 0 . 53 
0 . 53 0 . 61 
2.5 . 2** 18 . l** 





20 . 17* 
23. 64 
14 
2 . S  
2 • .S 
0 . 54 
0 . 55 








potential and a desirable degree of tolerance to WSMV. This factor is 
of utmost practical importance in studies cf this �ature where the 
primary concern of the plant breeder is to be able to recommend an 
. adapted variety which would produce relatively higher and stable yields 
under disease conditions . 
Table 4 shows the results of 1970-1971 experiments on winter 
wheat varieties. The pattern of response to WSMV in these varieties 
tended to be less severe in 1971 than in 1970 as indicated by the 4 2  and 
30 percent respective mean losses in yield. This was probably due to 
the inclusion of several new varieties and different environmental condi­
tions in 1971 . The differences between inoculated and control plots 
were not statistically significant in the varieties SD6753 and SD6742-l, 
were significant at 5 percent level in NB66403, OK6955033, Omaha 5 Agrcs , 
and Lancer, and significant at 1 percent level in the other varieties. 
Table 8 shows that all the varieties fell into the first three catego­
ries of classification, in which yield reductions from 10 to 50 percent 
are indicated. No variety sho�ed a loss of more than 50 percent in 197 1 .  
Relative yields o f  the varieties included i n  both years were generally 
higher in 1971 than in 1970. Eleven varieties were classified in cate­
gory I, seven in II and two in III . Varieties Lancer,  Scout , 0�6955033 , 
NB68508, SD6753, and SD6742-1 seem to have a desirable degree of toler­
ance coupled with their high yielding potential under the particular 
conditions in 1970-1971 . Theae varieties yielded 2407 , 2271,  2255 , 2203, 
2178 and \ 2053 kilograms of seed per hectare after inoculation , showing 
19, 29, 20, 25, 16, and 18 percent yield reductions, respectively, tlue to 
WSMV. The yields in the nont olerant varieties NB68574, Trapper , NB66425 ,  
Tttble 4 .  Effecta o f  WSMV on Different Characteristics o f  Winter Wheat Varieties During 1970-1
971 
Trcntment NB66403 Trapper 5D6717 01<6955033 NB66425 Omaha Gage AgrU9 NB66512 SD6742-l Trader 
Ave�:ige Seed Yielu in Kilograms Per Hectare 
Viru!J 204 6• 1718*" 1 89 7*"' 2 2!55* 1867H 1914* 1851'°' 1851* 2056** 2053 1861"'* 
Control 2668 2986 2779 2811 3095 2557 2 711 2 373 2879 2516 2M9 
Perccnt.:igc 
Dif f erenc.e 23 43 32 20 L;O 25 32 22  29 18 30 
Protein Percentage 
Virus 14 . 35* 15 . 78 17 . 81 .. 16 . 28* 16 . 11* 17 . 11 16 . 42*" 16 . 56 16 . 35"* 16 . 13 .. 16. 12** 
Control 13 . 36 15. 61 15 . 52 15 . 1 2  15 . 08 16 . 18 14 . 71 16 . 22 14 . 89 14 . 17 14 . 7 2  
Per centage 
Diff erence 7 1 15 8 7 6 l.2 2 10 9 10 
Plant Height in Inches 
Vi rus 2 3 . 9 ** 30 . 611" 17 . 9** 20 . su 19 . 7*" 24 .. 5*" 2 7 . 5** 26 . JH 2 2 . 4** 25 , 0"* 24 . 6H 
Control 34 . 8  37 . 3  35 . 2  33 . 4  35 . 3  33 . 2  34 . 7  40 .1  36 . 0  :J2 . 9  38. 4  
Percentage 
Di fference 31 18 49 38 li4 26 21 34 38 24 36 
Teat Weight in Pounds Per Bushel 
Vi rus 52 . 8** 51. 5** 55 . 3•* 58 . 5"'* 5 3 . 5** S1 . 5"" 5 5 . 0H 58 . 3** 52 . S** 57 . 3• 53. S"* 
Cont rol 58 . 5  59 . o  58. 5 61 . 5  59 . 3  60 . S  59 . 8  61 . 8  59 . 3  59 . 5  59 . 8 
Percentage 
Di f ference 10 13 5 5 10 5 8 6 11 4 11 
Disease 
Index 3 . 3  3 . 6  3 . 1  3 . 4  3 . 4  l . 1  3 . 5 3 . 3  3 .0 3 . 3  3 . 4  
Percent8ge 
Infection 91 90 91 90 �1 9 2  9 0  9 0  91  90 91 
T�ble 4 (continued) 
Trentmcnt . Nn68508 ND68574 HtJme Winoka NB6842S Loncer SD67S3 NB68432 Scout NB68427 Mean 
Seed Y� cld in KilogratnS Per He�tare 
Vi rus 2203** 140 7** 1903** 1824** 1892** 2407" 2178 1761*"' 2271** 201 1•• 19 66*"' 
Control 2919 2474 3116 2919 2904 2982 2605 2684 3183 2 899 2795 
Percen tage 
Dif ference 25 43 39 38 35 19 1 6  34 29 28  30 
Protein rerccnt oge . 
Virus 16 . 4 7• 17 . 04 16 . 24* 15 .  7 7-lr* 14 . 46 16 . J 71Ur 16 . 1 3  15 . 10 13. 99  1S . 8S 16 .02  
Con trol 15 . 36 16 . 61 15 . 0S 14 . 44 1 3 . 92 14 . 1 3  15 . 69 14 . 93 14 .0S 1 5 . 93 15 . 06 
Pcrcentnge 
D i fforcnce 7 3 8 9 4 16 3 1 0 . 4. o. s 6 
Plant Height in Inches 
Virus 25 . l� 24 . 0"'* }9 . 2"'" 23 . 5 .. 2 5 . 9"'* 27 . S"* 26 .4"* 24 . 9"* 2a . 2•• 20 . 9 .. 24 . 2H 
Con t:-ol  30 . 2  34 . 5  8 . 6  40. 3 35 . 8  37 . 1  J7 o 7  34 . S  34 . l  35 . 3  35 .. 7 
Per ccntAge 
D if fe rence 17 30 50 42 28 26 30 28 17 41 32 
Teet  We lght in Pounda Per Bushel 
Viruo 53 . 5° s6 . s•11 56 .0�• 52 . 5  .. 51 . l** 54 . S*fr 54 . s•• 5 3 . 8U 56 . 3** SJ. JU 54 . 7"" 
Con t rol 58 . 0  60. 3 61 . 0  61 . 5  58. 3 58. 5 59 . S  58 . 0 59 . 3  60 . 0 . S9 . 6  
Pcrcc-nt3ge 
Di ff crence 8 6 8 15 12 6 8 7 s 11 8 
Discaoe 
Index 3 .0  3 . 4  3 . 3  3 . 4  3 . 5  S . 1 3 . 1  3 .5  3 . 0  J . 1  3 . 3  
Pcrccnta�C! 
Infection 89 89 91 91 90 90 91 '90 92 91 90 
t,.,, 
..... 
Table 4 (continued) 
Treatment NB66403 TrApper SD6717 01<6955033 NB6642S Omaha Ga.ge Agrus NB66512 SD6742-l Trader 
1000-Se.�d We:tsht 1n Gr.ms 
Virus 2 5 . 90"* 26 . '•8  26 . 52"* 28 . 44 21+ .  70 26 . 23  27 . ,.s 29 . 70 23 . 2 7* 25 . 25 24 . 73� 
Con trol 30 . 55 28 .49  29 . 98 30 . 23 25 . 35 28 .02 29 . 68 30. 12 26 . 59 2 6 . 45 27 . 32 
Percentage 
Difference 15 7 12  6 3 6 8 1 12 5 9 
?lumber oi T i llers Per Plant 
Virus 2 . 5* 2 . 6  2 . 6* 2 . 4  2 . 5  2 . 7  2 . 5  2 . 6* 2 . 7* 2 . 8  2 . 6  
Ccntrol 2 . 6  2 . 6  2 . 5  2 . 4 2 . 5  2 . 7  2 . 5  2 . 5  2 . 6  2 . 8  2 . 6  
Percentage 
Dif fcrcncc 4 4 · 4  4 
Number of  Heade Fer Tiller 
Viru� 0 . 56 0 . 55 0 . 55 0 . 59 0 . 58 0 . 57 0 . 58 0 . 55 0 . 57 0 . 56 0 . 57 
Control 0 . 57 0 . 55 0 . 57 0 . 60 0 . 61 0 . 55 0 . 57 0 . 58 0 . 56 0 . 54 0 . 56 
Number of Seeds Per Head 
Virus 25 . 1** 22 . 4"* 25 . 7*"' 2 6 . 6" 26 . 6** 2 7 . 4** 25 . 4"* 24 . 8*� 26 . 0** 25 . 4"* 25 . 6** 
Cont rol 38 . 0  40 . 2  38. 4 34 . 1  42 . 7  
Perc;entag� 
36 . 7  37 . 2  32 . 9  39 . 9 36 . 2  36 . 4  
Difference 34 44 33 22 38 25 32 25 35 30 30 
- - -
Number of Plants in 2-foot Subplct 
Virus �8 28 30 31 30 30 28 29 32 30 
Control 28 29 30 30 30 29 27  29 32 31 29 
,, 
Table 4 (continued) 
Tr�atment Nil68508 NB68574 Hume Wlnc,ka NB66428 Lancer SDl>7S3 Nn68432 Scout NB68427 Mean 
1000- 3eed Weight in Grams 
Virus 27 . 25 26 .48  21 . 23* 26 . 12* 26 . 60** 26. 09• 22 . 9 3** 23. 68H 30 . 62 24 . 37""' 25 . 91* 
Control 29 .43  28 . 22 24 . 39 29 . 01 30 . 30 29 .4S  26 . 71 28 . 35 32 . 12 29 . 52 28 . 58  
Percentage 
Difference 7 6 13 10 12 11 14 16 5 17 9 
Nwnber of T illers Per Plant 
Virus 2 . 5  2 . 6  2 . 3• 2 . 3  2 . 5* 2 . 7  2 . 7  2 . 6• 2 . 4*" 2 . S  2 . 5* 
Control 2 . 5  2 . 6  2 . 4 2 . 3  2 , 6  2 . 7  2 . 7  2 . 7  2 . 6  2 . 5  2 . 6  
Percentage 
Dif ference I} 4 4 8 4 
Number cf  Heads Per Tiller 
Virus 0 . 52 o . ss 0 . 57 0 . 51 0 . 54 0 . 61 0 . 54 O. S8 0 . 56 0 , 57 o . �6 
Ccnt rol 0 , 5'• 0 . 56 O , S9 0 . 52 0 . 57 0 . 59 o . ss 0 . 59 0 . 54 0 . 56 o. ,.6 
Number of Seede Per Mead 
Vlrus 26 . 5** 1 9 . 1** 25 . 7"* 2 5 .  2t"' 2 5 . 4** . 2 7 .  711'11 2 1 . 1•11 25 . 2** 2 7 . 4•• 25 . 8  .. 25 . 5H 
, Cont rol 33. 1  35 . 2  44 . 2  38. 8 37 . 4  39 . 5  3 7 . 9  37 . J  38 . 5  35 . 9  3 7 . 9  
Percentage 
Difference 30 46 42 35 32 JO 29 �2 29 28  33  
----
Number of Pl�nts in 2-foot Subplot 
Virus 26 26 30 29 29 32 2 8  30 29  31 29 
Control 2 7  28  31 28 2 7  31  28 30 · 29  30 29 
� Indicates significant difference at · s  percent level .  \O' 
•�Indicates significant difference . at 1 pcrceut level .  
Data reported aa neans �f four replications . 
Table S .  Disease Index of Spring Wheat Varieties 
1969� 
Sheridan Manitou Chris Polk Selkirk Crim Era Justin Waldron 
2 . 4  3 . 0  3 . 1  3 . 1  3 .4 3 . 4  3 . 5  4 . 2  4 . 5  
1970* 
Bulk 
Sheridan Chris Era Bonanza Manitou World Selkirk Polk Fletcher Fortuna Crim Waldron Justin Welle 
2 . s  2 . 6  3 . 0  3 . 0  
*Duncan Rang� Teat 




Table 6. Combined Classification of Spring Wheat Varieties According to Their Tolerance 
in 1969 and 1970 
Categories of Yield Reduction 
I II III IV 
10-30% 31-40% 41-50% 51-60% 




Bonanza Manitou Bulk World Waldron Wells 
Fortuna Sheridan Selkirk 
Fletcher 
Era 
Table 7. Classification of Winter Wheat Varieties According to Their Tolerance in 1970 
Categories of Yield Reduction 
I II III IV V 
10-30% 31-40i. 41-50% 51-60% 61-70% 
Varieties Scout 8D6 742  Trapper SD6717 SD66117-l 
Trader Scout 66 Winalta Hume 
SD6716 SD6713 5D6755 Omaha 
Lancer SD6753  .Gage Minter 
SD6749 SD6718 SD6715 Guide 
SD6617l SD6 710 Winoka 















Categories of Yield Reduction 




















Hume , and Winoka were reduced by 43, 43, 40, 39, and 38 percent due to 
the virus infection. Seed yields in these varieties were 1407, 1718, 
1867,  1903, and 1824 kilograms per hectare under the virus conditions. 
The : protein content of the seed was increased highly significantly, 
in the inoculated plots, in all the four experimen·ts. Tables 1, 2, 3, 
and 4 show that the mean protein content of the seed harvested from the 
diseased p lants increased by 4 percent in the 1969 spring wheat, by 5 
percent in the 1970 spring wheat, by 9 percent in the 1969�1970 winter 
wheat , and by 6 percent in the 1970-1971 winter wheat varieties. The 
increases in protein content did not follow a uniform pattern in their 
relation to the tolerant and nontolerant varieties. 
WSMV reduced the plant height highly sienificantly in all the 
e�-periments. Ave.rage plant height was reduced by 23 percent in spring 
wheat during both years while in winter wheat it was reduced by 26 and 
32 percent during 1969-1970 and 1970-1971, respectively. Plant height 
in the tolerant spring wheat varieties Chris, Bonanza, and Fortuna was 
reduced by an average of 9, 24, and 28  percent (average of 2 years) 
while in the nontolerant· varieties Justin, Wells, Waldron, Selkirk and 
Crim it was reduced by an average of 38, 23, 32 , 33 and 32 percent, 
respect.ively. Tolerant winter wheat varieties , Scout, Trader, SD6716, 
Lancer, SD6749, SD66171, OK6955033, NB68508, SD6 753, SD6 742-l and ·scout 
66, showed an average decrease of 16, 29, 31, 20, 29, 19, 38, 17, 28, 2 �•, 
and 25 percent, or a range of 16-38 percent. In the � nontolerant varie­
ties SD66117-l, Winoka, Guide, Minter Omaha, Hume , SD6717, NB685 74, 
Trapper, and _ NB6 6 425 the height was decreased by 26 , 3 6 , 29, 31, 27, 41, 
38, 30, 25 , and 4 4  percent, respectively, showing a range of  25-4 4 percent 
reduction. Henceforth , whenever we refer to tolerant and nontolerant 
varieties, the varieties discussed as such in this section will be 
indicated. 
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There were highly significant differences in the test weight� of 
inoculated and noninoculated plots. Test weight was decreased by 7 and_ 
6 percent in spring wheat varieties during 1969 and 1970 while in winter 
wheat, 8 percent reduction occurred during both years. Virus reduced 
the test weights of all the spring wheat varieties highly s ignificantly 
during 1969. However , it did not affect Chris significantly and affected 
Bonanza only at 5 percent level of significance during 1970. I t  would 
be well to recall that both thes e varieties are tolerant. In the winter 
wheat test weights of Scout, SD6715, and Hinter were not reduced signifi­
cantly while those of SD66171, Trader, Trapper and Scout 66 were reduced 
at 5 percent level of significance in 1969-1970. All the other varieties 
during the same period and those included in the year 1970-19il were 
affected highly significantly except SD6742-l in which the difference 
was significant only. 
As far as 1000-seed weight is concerned a look at the analysis of 
variance tables shows that treatment mean squar es were highly significant 
at 1 percent level in all cases. Thousand-seed weight was reduced on the 
average by 4.5 percent in Chris and by 7 percent in Sheridan and Bonanza , 
these reductions being nonsignificant statis tically . In the nontolerant 
varieties Justin, Wells,  Waldron , Selkirk , and Crim the highly s ignifi­
cant differences corresponded to 18 . 5 , 13, 13.5, 22,  and 17. 5 percent , 
respectively t on the basis of two years averages . In the diseased plots 
of winter wheat the mean 1000-seed weight wan reduced by 14 percent 
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during 1969-i970 and by 9 percent during 1970-1971 . In many varieties, 
however, the 1000-seed weight was no t reduced significantly. 
Average number of tillers per plant wa·s not af fected by the virus 
. except in the winter wheat of 1970-1971. Rather small differences, how­
ever, did not show any uniform tendencies. The number of heads per 
tiller was influenced by the virus only in the spring wheat. It was 
reduced highly significantly in Selkirk and s ignificantly !n Polk in 
1969 while in 1970 there were significant increases in the number of 
heads in Chris, Bonanza, Bulk World and Crim in the dis eased plots. 
There does not seem to be an association of this character with the yield­
ing capacity under virus conditions . Virus reduced the average number 
of seeds per head highly s ignificantly both in s pring and win ter wheats. 
Number of seeds was reduced by 26 and 43 percent in spring wheat varie­
t ies in 1969 and 1970, respectively, while in winter wheat by 44 and 30 
percent in 1969-1970-and 1970-1971, respectively. Scout, Trader, SD671�,  
Lancer, SD6749, SD66171, OK6955033 , NB6 8508, SD6 753, SD6 742-1, and Scout 
66 showed a reduction 29. 5, 31. 5, 32, 35.5, 38, 30 , 22,  30, 36, 30, and 
44 percent, respectively, on the basis of two years average, in the number 
of seeds per head in inoculated plots. Hence the range of reduction in 
the tolerant varieties was be�een 22 and 44 percent. In case of non­
tolerant varieties, SD66117-l, Winoka, Guide, Minter, Omaha, Hume, SD6717, 
NB685 74, Tr�pper and NB6 6425 this reduction amounted to 53, 46. 5, 58, 52, 
34. 5, 50, 35. S ,  46, 42. 5, and 38 percent showing a range of 34. 5 to 58. 
Number of seeds appear to be one of the main components of yield which 
are influenced by WSHV d if ferentially :l.n dif ferent varieties and which 
play a maj or role in the relative tolerance of these varieties. 
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Average number of plantG in the 2-foo t sub-subp lot was d e creased 
significantly only in 1969 sp�ing wheat varie ties Jus tin,  Waldron , Po lk s  
and Et·a in which they were reduced 1,y 2 1  29 , 26 , and 25 percent , respec­
tively , in . the diseased plots . On the whole number of plants was no t 
decreased sign'lfi cantly by WS!-W for it to be considered as an impor tant 
factor under the d isease conditions . 
There was no significant diffcr�nce bea:een varieties in their 
suscep tibility to WSHV infection in terms vf  percentage infection (S ee  
Tables 1 to  4 and Analysis of  Variance Tables A-1 to A-4) . 
Spring wheat varietieJ did show significant differences in the 
severity ryf symptoms � rated from 1 to 5 as explained in the Haterials 
and Methods section of this study (Tab le 5 on page 30 and analysis of 
variance) . The differen�es between winter wheat varieties in this 
connection were not significant . In spring wheat , Chris , Sheridan, 
Bonanza, and Fortuna showed significantly milder visual symptoms than 
the nontolerant varieties Justin , Waldron, Wells , and Crim in 19 70 . In 
1969 symptoms on Chris were si.gni ficantly milder than Justin and Waldron 
but not different significantly frcm those on the two o ther nontolerant 
varieties Crim and Selkirk . On the basis of all the four experiments 
it seems that the disease index does not guarantee the correct  evaluation 
of tolerance in all cases . 
Multiple ccrrelation and regression tests wer1? conducted on the 
combined experimental da ta of spring wheat  varieties for  bo th years as 
Yell as �omb ined data of winter wheat  varieties. In  the spring whea t 
experiments tes t '-lej_gh t , number of  heac!s per til J.er i and nt:mbcr  of  seeds  
per head were found to  be signif ican tly correlated uith yield. Hence , 
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the following predictive equation for yield was developed : 
y • -3841 �55 + 15. 26 (X1) + 75 38 (X2) + 6. 37 (X3) 
where x1 = Number of seeds per head 
x� 
' 
• . Test weight 
X3 a Number of heads per tiller 
Similar predic tive equation was developed for winter wheat experiments 
in which number of seeds per head , 1000-seed weight, test weight , and 
protein percentage were found to be the main factors correlated �ith 
yield. The predictive equation, in this case , is as follows : 
where x1 a Number of seeds per head 
x
2 
m 1000-s eed weight 
X3 = Test weight 
X4 m Protein content of the seed 
These results explained 58. 3 per cent of  the variance in case o f  
spring wheats while in  winter wheats 73 . 2  percent o f  the variab i lity was 
found to be explainable by the predictive equation. 
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DISCUSSION 
As immuni ty to WSMV has not been found within wheat , tolerance 
studies are of paramount importance to areas in �hich the disease is 
pandemic. Incorpora tion of immunity from other species into wheat would 
require a relatively much longer period of time during which , if tolerant 
varieties are net grown , drastic economic losses may result to the farmers . 
Various complexities are inherent in the utilization of lines 
derived from the interspecific crosses. Decreased fertility , lack of 
pairing between chromosomes of the two species , instability of the 
associated genetic material , and incorporation of a large number of 
undesirable characteristics , along with immunity , due to the inclusion  
of  whole alien chromosomes , constitute complex problems which can be  over­
come by subtle applications of scientific knowledge and tecr-niques. 
Usually it is only after a relatively long period of time that a commer­
cial variety is available to the farmers in such cases . 
The results obtained in this study have indicated the existence of 
a desirable degree of tolerance to WSMV in several winter and spring 
wheat varieties. Several investigators have arrived at similar conclusions 
in working with WSMV (4 , 6 ,  18 , 23 , 31 , 4 6 , 50) . McNeal and Carroll ( 31 )  
found Wells , Crim ,  Fortuna ,  and Chris to b e  tolerant and Manitou and Sheri­
dan to be non,-tolerant to WSMV in Montana. In this study Chris and Fortuna 
were found to be highly tolerant , Manitou aud Sheridan to be fairly to.ter­
ant , and Wells and Crim to be highly non-tolerant to- WSMV. Test weight 
losses in all thes e  varieties were reported to be less than 4 percent in 
Montana while in this investigation Chris , Fortuna , Manitou , Sheridan , 
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Crim, and Wells shu�ed 4 ,  6 ,  6 . 5 5 . 5 ,  7 . 5  and 10 percent reductions in 
tes t weight ,  respectively, o, tbe basis of tvo years aver.age .  
Sill, Bellingham and 17ellows (46) reported several winter wheat 
varieties to have enough tolerance to WSMV to be useful .  The yield 
reductions in these tolerant varieties varied from 10. 9 to  39 . 3  percent 
under severe d isease conditions while in the non-tolerant vari eties the 
yield was reduced by 46 . 4 to 72. 3 percent . Our results show s imilar 
tendencies in the winter wheat  varieties under Sou th Dakota conditions . 
In several tolerant varie ties , the yield reductions were less than 30 
percent whi le in o thers the reductions we re much greater. The yields of 
highly suscep tible varieties were reduced by 50-70 parcent in this 
investigation . The yields of Trader and SD6 749 in 19 70 , and SD6742-l 
and SD6753  in 1971  were not reduced signi ficantly by WSMV . This i!ldi cates 
a high degree of  tolerance to the virus. If further studies establish 
such a degree of tolerance to WS .. fV in these vari.eties, they will be of 
paramotmt importance in the breeding programs concerned with WSMV 
resis tanc.e. SD6 749 and Trader y:!.elded relatively poorly,  115 7 and 1266 
kilograms per hectare , i� 19 70, under the disease conditions. However , 
their. tolerance potential can greatly increase the tolerance of other 
promis ing varieties with relatively higher yielding potentials . 
Atkinson and Grant (4 ) observed that the decreased number of kernels 
per head wa);:) the !!lain factor responsible for. reduced yields in wheat d�e 
to WSMV infe:c tion .. They also repnr ced the protein conten t  of the seed to 
increase fro� 12 . 7  to  15 . 6  percent in the diseased fields . Our results 
are quite in ngz-2enc:1t with these observations. mm1ber of seeds per head 
was found to be highly correla ted wi th yield both in spring and t1in ter 
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wheat varieties while pro tein increased in all the experiments under 
the disease condi tions· . McNeal and Dubbs (32)  reported tha t at  30 , 50 , 
and 70 percent of WSMV levels , yield was reduced 15. 7 �  26 . 2 ,  and 36 . 6  
.percent , k�rnel weight was reduced 6 .9,  11 . 5  and 16. 2 percen t , and the 
number of seeds per head was reduced by 4 . 5 ,  7 . 4 ,  and 10 . 4  percent , 
respectively . These results indicate the negative relationships be��een 
percent mosaic and yield , number of seeds per head , and seed weight .  
Seed weight and number of seeds per head are reduced increasingly with 
the higher levels of WSMV infection . In the present s tudy the afore­
mentioned two factors were found to be highly correlated with yield in 
different experiments . 
Specific components of yield which are highly correlated with 
yield, i.e. , number of seeds per head, test weight , 1000-seed weight , and 
protein content �us t be given due consideration in any breeding program 
for WSMV tolerance or resis tance . Increased tolerance to WSMV may be 
a.chieved by intercrossing those varieties in which the virus has least 
effects upon these specific factors. 
The external 1nanifes ta tions of WSMV infection originate as a result  
of  various physiological and cytological aberrations in the pla�t cells. 
Observations under the electronmicroscope revealed the distortion of  
chloroplasts , presence of large vacuoles and inclusion bodies  in the 
relatively r.eagre and lighter cytoplasm . Nucleus and chromatin appeared 
to be normal. In a previous s tudy (33 )  the carbohyd�a te content was 
·, 
found to ·be higher in the diseased foliage. The overall picture of  WSMV 
infection in wheat points out the involvement of dis turbance of  come of 
the fundamental physiological processes . Reduc tion of pl�nt height , yield , 
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tes t weight , 1000-seed weight , number of seeds per head , etc. and 
increases in the protein percentage of the seeds , all s eem to have their 
roots in the decreased photosynthetic activi ty , reduced levels and abnor­
mal interactions of plant growth regulators � and hinderance in the 
translocation of carbohydrates to the seeds which might be a result of 
impaired function in the phloem. 
Specific s tudies need to be conducted to arrive at scientifically 
valid evidence about the relative importance of various physiological and 
cytological aberrations due to WSMV infection. This would be of consid­
erable help in the selection of varieties in which the mos t  impor tant 
processes are leas t affected by the virus. This approach would also , 
allow the research worker to conduct his s tudies mainly in the greenhouse 
and hence reduce ·the effort ,  time, and expenses involved in the WSMV­
tolerance s tudies . 
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SUMMARY AND CONCLUSIONS 
It is evident, on the basis of this study, that variability does 
exis t in both winter and spring wheat varieties in regards to their 
response to WSMV infection . The mos t import;mt consideration in s elect­
ing for tolerance is , of course,  the yielding potential of varieties 
under disease conditions . However , genes for tolerance may also be 
present in the usually low-yielding varieties . 
In order to derive the maximum benefits offered by the existing 
potentials inherent in WSMV-tolerance situation, it would be necessary 
to incorporate tolerance into high yielding varieties from different 
sources which are normally poor yielding , yet may contain valuable genes 
for tolerance. 
In this study several spring and winter varieties were found to 
have sufficient tolerance to WSHV to be of benefit to the farming commu­
nity . Spring wheat varieties Chris , Bonanza, and Fortuna and winter 
wheat varieties Scout , Trader , SD6716 , Lancer , SD 674 9 ,  SD66171,  OK6955033, 
NB68508 , SD6753, SD 674 2-i , and Scout 66  showed distinct relative tolerance 
to WS}W as compared to other varieties included in this study . Chris and 
Bonanza yielded the highest amount of seed, 14 39 and 1813 kilograms per · 
hectare in 1969 and 19 70,  respectively, under disease condi tions . In 
winter wheat ,  Scout 66 ,  Scout , and SD6 6171 produced desirable yields in 
1970 . These varieties yielded 196 8 ,  1797, and 1794 kilogra�s per hectare , 
respectively . in 1971 Lancer , Scout , OK 6955033 , and NB6 8505 yielded 2407 , 
2271,  2255 , and 2203  kilogra�s per hectare in the WSMV-inf ected plots . 
This indicates a significant t�lcrance to WSMV in these varieties . 
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On the whole virus inflicted severe losses on most of the varieties 
included in this study. Yields were reduced 43  percent in 1969 spring 
wheat , 4 2  percent in 1970 spring wheat and 1970 winter wheat, and 30 per-
• Cent in the 1971 winter wheat . In the light of these severe losses it is 
of  immediate practical advantage to screen the WSMV-tolerant varieties 
which may be  planted in areas where WSMV is prevalent. However , as men­
tioned earlier, the potential of these varieties is not exhausted in 
themselves . Increased tolerance through transgressive segregation may be 
possible through intercrossing varieties possessing desirable sources of 
tolerance . 
Average plant height , test weight, 1000-seed weight, and number of 
seeds per head were highly reduced as a result of virus infection. In 
some ceses number of tillers per plant , number of heads per tiller , end 
number of plants were also affected slightly. WSMV-infected plo ts yielded 
seed with higher protein content than that of control plots . 
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T8ble A•l. Re�ults of Analysis of Variance T�sta for 1969 Spring Wheat 
Mean Square■ 
Source D.F. Yield Protein 
Hean l 2004 7 1 110 24657 . 18 
Trea tments  l 1521 1 1 1 1  •• 8 . 97 ** 
Va r i e t ies 8 4 7 3266 , 41'1* 6 . 6 3** 
Repl icat ions 4 56589 . 6  3 . 4 7** 
Tr�a tmcnt x Varieties 8 111004 . l  0 . 23 
Treat�cn t x Rep l ic�tion■ 4 35679 . 3  0 . 0 7  
Varieties x Repl 1cat1ena 32 56028 .0** 0 . 29 
Trea t�ut x Varietie1 
x Repl icat tona 32 2 3150 . 8  0 . 26 
Percentage 
Disease Infection 
Index D .F ,  H . S .  M . S .  
Meara 1 520 . 20 348304 .02  
Varie ties 8 2 . oou 24 . 52 
Repl icat i ons 4 0 . 2 1  3 . 19 
Errol' 32 0 . 09 29 . 31 
•Indicate• aignificance at 5 percent level ,  
�•Indicate• •1gn1ficanc• at 1 percent level.  
Height 
101203 . 60 
172 3 . 09"*  
59 . 63d 
2 . 85** 
48. 26"* 
1 . 9 10 
l . l4** 
0 . 43 
Tes t  
Weir,ht 
5129 . 8 7 
301 . 1 8** 
35 , 30*• 
0 . 99 
l . 36* 
0 . 83 
o .  74 
o . s1 
Number of 
1000-Seed Ti l lers Per 
Weight Plant 
6010 7 . 9 7  381 . 5 121 
512 . 08** 0 . 0028 
40 . 87 •• 0 . 3 536"'* 
5 , 55* 0 . 0824" 
10 . 02•• 0 . 0498 
6 . 99* 0 . 0069 
2 . 47 0 .0726** 
1. 81 0 .0283 
Number of 
Hc:ids Per 
Ti l ler 
40 . 7771 
0 . 0810 
0 , 061 2"'* 
0 , 0057 
0 . 0123  
0 . 0232 





4196 8 . 80 
9 2 8 . 65** 
14 7 , 9 5** 
25 . 17 
36 . 74 
29 . 21 




2 Feet  
147460 . 54 
104 7 . 21** 
114 . 57 
8 1 . 29 
50 . 89 
39 , 3S 
85.04 






Table A-2 .  Result• of Analysis of V•riance Testa for 1970 Spring Wheat 
Kean Squares 
Humber of Number of 
Test  1000-Seed Tillers Per Heads Per 
Source D . F. Yield Protein Height  Weight We ight Plant Tiller 
Mean 1 345054600 38241 . 16 148089 . 58 325981 . 23 9601 2 . 02 491 . 8126 81 . 0617  
Tr�o tments 1 23987161  ** 24 . 9 1"* 2415 . 30** 285 . 7 3** 423 . 83** o . o  0 . 0343** 
Varieties 13 1869600 . 2** 6 . 24** 143 . 93** 33 . 67** 6 2 . J0U 0 . 0351* 0 . 0082 
Rcplicationa 4 293954 . 4* 1 . 10•• 6 . 98 0 , 38 5 . 34 0 . 0801** 0 . 0472**· 
T x V 13 230714 .9** 0 . 07 34 . 45** 2 . 38 6 , 16* 0 . 0115 0 . 0062** 
T X R 4 21650 . 8  0 . 06 4 . 74 0 . 69 2 . 96 0 , 0350* 0 . 0008 
V x R 52 97068 . S  0 . 42** 4 . 81 0 . 96 6 . 44*'1t 0 . 0144 0 .0057** 
T X  V X R 52 80924 . 9  0 . 08 6 . 66 2 . 06 2 . 71 0 . 0098 0 . 0020 
Percentage 
Disease Infection 
Index D . F. M. S .  M. S .  
Mea.n 1 700 . 89 574585 . 20 
Vad cties 1 3  0 . 87** 5 . 60 
Replications 4 0 . 29* 2 . 52 
Error 52  0,09 5. 04 
-
*IndicateP eignificance at 5 percent level.  





15944 1 . 75 
11739 . 46** 
770. 01"* 
885 . 49** 
125 . 46"* 
6 1 . 39 
60. 60* 
33 . 55 
Number of 
Plants in 
2 Fee t  
91852 . 83 
0 . 03 
5 . 61 
104 . 72** 
5 . 52 
3 , 46 
8 . 79'** 
3 . 31 
\.n 
0 
Table A-3 . Reeulta of Analy•i• of Variance Testa for 1969-1970 Winter Wheat 
Hean S(!uares 
Number of Number of 
Test  1000-Seed Tillers Per Heads Per 
Source D.F.  Yield Protein Height Weight Weight P lant Tiller 
Mean l 669397920 48035 . 85 218963 . 33 53088 1 . 33 92981 . 25 1224 . 6251 57 , 8163  
Treatments 1 48003000 •• 87 . 94** 4 715 . 38*"' 981. 02** 515 . 19** 0 . 0326 0 . 0056 
Varieties 23 1029390 . 9 •* 4 . 53** 10 , 35* 19 . 63** 40 . 73** 0 , 1061** 0 . 0029* 
Replications 3 59471 . 9  2 . 43** 45 , 09** 2 . 43 1 1 . 46* • 0 , 3491** 0 .0290** 
T x V 23  288234 , 3** 4 , 58** 7 . 69** 7 .  77** 8 . 79** 0 . 0169 0 . 0011 
'I X R 3 431 37 . 3 0 . 94 29 . 69** 4 . 86 2 . 51 0 . 0174 0 . 0017 
V x R 69 239469 . 5** 0 . 98** 5 , 47* 2 . 83 4 . 83 0 . 0357** 0 . 0015* 
T X  V X R 69 112256 . 4  o . ,.J 3 . 25 3 . 46 3 . 33 0 . 0119 0 . 0009 
Percentage 
Disease Infection 
Index D . F. H. S ,  M .S .  
Mean 1 852 . 04 801176 . 04 
Varieties 23 0 , 17 3 . 48 
Repl ications 3 0 , 26 10 . 13 
Error 69 0 , 1 7  4 . 14 
= 
*Indicates significance at 5 percent level . 
**Indicate• significance at l percent level . 




175589 , 17 
13751 . 56** 
55 . 82 
24 . 40 
39 . 92 
10 . 20 





204950 . 6 7  
1 . 17 
9 . 9 7  
576 . 64** 
2 . 4 7  
4 . 31 
1 1 . 00•• 
3 . 50 
VI 
,... 
Table A-4. Pesulu of Analyeb of Varb.nr.e Teets for 1970-1971 Winter Wheat 
Mean Squares 
Number of Number of 
Test 1000-Seed Tilleni Per Heads Per 
Source D.F.  Yield Protein Height Weight Weight Plant Tiller 
Mean 1 952242860 40569 . 04 150702 , 41 548228 . 6 2  124701 . 45 1095 . 9929 S3 . 0550 
Treatmentu l 2889 3144 ** 38 , 51** 5523 . 49•• 1025 , 15"" 301 . 29"* 0 , 0101 ** 0 . 0005 
Varieties 20 268226 , 8  5 , 15"'* 34 . 341111 1 7 , :34"* 30 , 46** 0 . 1204 •• 0 , 0032 
Replications 3 1 55054 . 9  2 , 03** 1 . 26 0 . 69 4 . 71 0 . 01 56 0 , 0008 . 
T x V 20 130104 , 9  0 . 93• 31 . 34** 6 . 39** 3 . 41 0 , 0096 0 . 0005 
T 'X R 3 2 33599 . 4  0 . 43 7 . 30 2 , 89 4 .07 0 . 00006 0 . 0022 
V X R 60 182627 . J  0 , 55 2 . 14 2 , 25 3 . 0.5 0 . 0156 * 0 . 0034** 
T X  V X R 60 133480 . 5 0 . 49 9 . 80 2 . 25 3 . 38 0 , 0087  0 , 0012  
Percentage 
Disease Infection 
Index D . F .  M.S , M . S .  
Mean l 897 , 03 686533 . 76 
Varieties 20 0 . 13 3 , 84 
Replications 3 0 . 06 7 . 41 
Error 60 0 . 12 3 , 45 
*Indicate• significance at 5 percent level .  




168834 , 20 
6398 . 54** 
2 3 . 99 
28 . 75 
1 6 . 6 3  
79 , 99** 
21 . 59 




142683 . 4 .l  
1 . 9 3  
1 7 . 72 
26 . 46"* 
1 , 86 
2 . 36 
29 . 15** 
2 . 19 
V, 
N 
